This paper gives an introduction of preparation and application of neurotransmitters-based bioelectrochemical microsensors/microelectrode with the help of nanotechnology, and illustrates various methods to measure neurotransmitter (including L-glutamate (Glu), acetylcholine, dopamine, etc.) microsensors/microelectrode and the prospects in the future of the sensors.
INTRODUCTION
Studies have shown that neurotransmitters, especially Glu in the mammali central nervous system (CNS), are implicated in number of brain disorders including epilepsy, schizophrenia, cognitive disturbances, Parkinson's disease (PD), drug abuse, etc. 1 One of the reasons may be its neurobiological basis and the neurotransmitter abnormalrelease. At the same time, neurotransmitters are closely related to other non-brain dysfunction physiological diseases. But little is known about the more rapid changes in neurotransmitter signals in awake. So, the rapid time dynamics of neurotrasmitters signaling in the CNS has required a technique to measure concentration of neurotramitters on a second-by-second basis. An electrochemical biosensor is a kind of sensor to detect biologically active substances, with electrochemical electrode for signal converter, and with potential, current and capacitance as detection signals, 2 3 such as glucose biosensor, 4 protein biosensor, 5 immunosensor. 6 In recent years, with the rapid development of science and technology, neurotransmitter microsensor as a special form of electrochemical biosensor is also developed rapidly, and it is for neurobiology at the molecular level study of brain and provides a convenient method and reliable data. Such as real-time electrochemical imaging using electrode, 7 determining some antidepressants using monoamine oxidase biosensor. 8 In * Author to whom correspondence should be addressed.
this paper, a variety of preparation methods of neurotransmitter sensors are briefly described and their applications are predicted.
PROGRESS IN PREPARATION OF NEUROTRANSMITTER SENSORS

Amino Acid Neurotransmitter Sensor
Glutamate Neurotransmitter Sensor
Some actual sensors 9-11 used some traditional mediators in the body, and might have undergone part dissolution or diffusion loss, so have limits of the stability and service life. Studies have uninterrupted to improve and find new mediators. Rahman et al. [12] [13] used N-(3-dimethylaminopropyl)-N -ethylcarbodiimide hydrochloride (EDC) activated thioglycolic acid (TGA) self assembled monolayer (SAM) on smart-biochips using free simple phosphatebuffer system (PBS) as a mediator, and manufactured the highly sensitive Glu biosensor based on glutamate oxidase (GLOx) successfully where K 3 Fe(CN) 6 and TGA-SAM are used as a mediator. Also, studies [14] [15] showed that Pt wire constructed with a permselective film of electropolymerized, overoxidized polypyrrole (OPP) and a top layer of L-glutamate oxidase (L-GluOx) crosslinked with glutaraldehyde selectively responsed to Glu against dopamine (DA). Rasa et al. 16 With development of nano-materials, more and more ones that possess high surface area, high activity, special physical properties and ultrastructural features are designed to be used as the sensor materials. 18 19 such as, Lee et al. 20 developed a carbon nanotube-based biosensor, system-on-a-chip, to detect Glu. Huai et al. 21 immobilized the enzyme on the surface of nano-gold particles, used glutaraldehyde cross-linking technique and nanogold-enhancement to fabricate a glutamate sensor successfully. The experimental results showed that pH = 7.0 and 35 C were the optimal working conditions of the biosensor. And the sensor's linear regression equation is y = 0 953 9x + 3 8667, R = 0 9963. Norouzi et al. 22 fabricated a novel glutamate dehydrogenase biosensor in a flow injection analysis (FIA) system successfully to measure the Glutamate concentration. The biosensor was assembled by modifying glassy carbon electrode surface with multiwall carbon nanotubes (MWCNTs), Pt nanoparticles (PtNPs) and glutamate dehydrogenase (GD) immobilized by nafion. The calculated charge was proportional to its concentration in the range from 1.0 × 10 −7 to 5.0 × 10 −5 mol/L, with a detection limit of 5.0 × 10 −9 mol/L. Ammam et al. 23 used the method that polyurethane/ACelectrophoresis deposited on multiwalled carbon nanotubes and glutamate oxidase (GluOx) deposited on the transducer platinum electrode (Pt), the Glu sensor showed highly sensitivity.
Otherwise, the detection of acute brain tissue with thin layer slices of L-glutamate release was successfully achieved with a micron-level sensor, 24 for example, a detection as low as 1.0 × 10 −5 mol/L was reached with a glass capillary sensor, while a receptor sensor can detect the target as low as 2.0 × 10 −6 mol/L. Studies [25] [26] [27] [28] compared the glutamate sensor with microdialysis (MD) sampling technique, i.e., the on-line detection of glutamate. The results showed that the sensitivity of 24.3 nA/ M and the detection limit of 7.2 × 10 −9 mol/L (S/N = 3) could be reached. Weite et al. 29 successfully fabricated a novel glutamate sensor based-on water-gel coating. The results showed that the sensor response time was 8 s with a high sensitivity, good reproducibility, and on-line detection. Anjan et al. 30 used glutaraldehyde cross-linking technique to immobilize glutamate oxidase on polycarbonate membrane and then attach the membrane to the oxygen electrode with a push cap system, fabricating a polarographic type glutamate sensor successfully. The results showed that the sensor was of a linear range from 1 ± 0.02 to 18.71 ± 2.0 mg/dL. Kate et al. 31 used micro-electro-mechanicalsystems (MEMS) 32 33 technologies to fabricate a novel glutamate biosensor successfully-it was based on silicon wafer-based platinum microelectrode arrays (MEAs) modified with glutamate oxidase (GluOx) for electroenzymatic detection of glutamate in vivo. The sensors responded to glutamate with a limit of detection under 1 M and a sub-1-second response time in solution. A simple and convenient L-glutamate measuring device for diagnostic and point-of-care purposes is required. A glutamate sensor, 34 which was based on a palladium-deposited screen-printed carbon electrode and an immobilized L-GLOx membrane, was developed for the determination of L-glutamate activity in serum. The time required for measurement was 4 min. The linear range was 8-200 U/L (R 2 = 0 998). The presented L-glutamate sensor is simpler and less expensive than commercial devices for measuring L-glutamate.
Acetylcholine Neurotransmitter Sensor
Carbon nanotubes and gold nanparticles 35 are new type of nano-materials, and have a higher specific surface area and excellent electro-catalytic properties. [36] [37] [38] [39] [40] [41] [42] Kandimalla et al. 43 used carbon nanotubes uniformly which were distributed in the chitosan membrane, and fixed with acetylcholinesterase (Ach E) by the covalent cross, and then the immobilization of Ach E catalytic hydrolyzed of acetylcholine into sulfur choline, a detection signal generated after oxidation in the linear range from 1.0 × 10 −6 to 5.0 × 10 −4 mol/L could rapidly respond with high sensitivity and good reproducibility. Song et al. 44 fabricated a novel amperometric choline biosenor successfully with choline oxidase (ChOx) immobilized by the sol-gel method on the surface of the platinum electrode modified with multi-wall carbon nanotubes in order to improve the sensitivity and the anti-interferential property. The sensors responded to choline with a linear range from 5.0 × 10 −6 to 1.0 × 10 −4 mol/L, with a detection limit of 5.0 × 10 −7 mol/L. Shin et al. 45 used a nickel catalytic electrode in aqueous and fabricated an amperometric acetylcholine sensor successfully. A sensing mechanism was developed in which ACh was hydrolyzed in base aqueous solution to produce the acetic anion and choline. The alcohol group of choline was oxidized to the corresponding carboxylic acid by Ni(OH) 2 /NiOOH catalytic system. The amperometric response resulted from the current generated by ACh oxidation in response to step changes in ACh concentration. The linear regression equation of sensor is y = 0 0653 x + 0 00221, R = 0 9998, with the sensitivity of 24.3 nA/ M. Viswanathan et al. 46 fabricated a novel acetylcholine biosenor successfully with acetylcholinesterase (Ach E) which was immobilized on polyaniline matrix and then crosslinked with single walled carbon nanotubes (SWCNT) wrapped by thiol 47 fabricated a bi-enzyme biosensor successfully with butyrycholinesterase and horseradish catalase. The enzymes were immobilized in the polytyramine matrix by cross-linking with glutaraldehyde. And it can measure the substrate concentration in the range of micromolar level. Similarly, the use of acetylcholinesterase 48 is also very effective.
Biogenic Amines Neurotransmitters Sensor
Due to sol-gel, the carrier for the inorganic porous materials and with the low cost, easy preservation, stable performance, high efficiency and other features, are more and more widely used in variety of electrochemical sensors preparation, 49 50 the sol-gel technology, especially application of film technology, was selected for many biogenic amines sensors. Atta and Abdel-Mageed 51 used a sol-gel material formed by acid hydrolysis of a mixture of tetraethylorthosilicate and phenyltriethylorthosilicate as functional monomers imprinted by DA and tyramine, which was coated as thin films on the surface of glassy carbon electrodes. Chen et al. 52 utilized the glass-based thin film transistor to make integrated capacitive sensors for DA detection, and found that different microelectrode capacitances had different measurement sensitivities. Liang et al. 53 successfully fabricated a dopamine sensor for which Nafion film coated platinum electrode was applied by immersing it in L-lysine solution, and coated with SiO 2 sol-gel layer. And then the dopamine electrocatalytical sensor was prepared from the L-lysine immobilized via electrostatic force between the cation of Lys and the negatively charged sulfonic acid groups in Nafion film. The sensor responded to DA with a linear range from 5.0 × 10 −7 to 5.0 × 10 −4 mol/L and a detection limit of 5.0 × 10 −8 mol/L. But then, Ozel et al. 54 selected chitosan substituting for Nafion to coat carbon fiber microelectrode which had a detection limit of 1.6 nM and a sensitivity of 5.12 nA/ M serotonin, a linear range from 2 to 100 nM. El-Said et al. 55 used gold nano-island film coated ITO electrode to detecte DA with high sensitivity and selectivity. Zhao et al. 56 studied the Glu under electrochemical polymerization conditions of the glassy carbon electrodes and the electrochemical properties of the modified electrodes, and found that the polymer film had strong catalytic effect on the electro-oxidation-reduction of dopamine and adrenaline. The experimental results demonstrated that the reduction peak current showed a good linear relationship with dopamine and adrenaline concentrations. The sensor responded to DA with a linear range from 1.0 × 10 −7 to 1.0×10 −4 mol/L and a detection limit of 5.7×10 −8 mol/L. The sensor responded to DA with a linear range from 1.0 × 10 −6 to 1.0 × 10 −4 mol/L and a detection limit of 6.6 × 10 −7 mol/L. Preeti et al. 57 successfully fabricated an amperometric biosensor for DA with the monoamine oxidase immobilized on a glutaraldehyde-activated eggshell membrane that was deposited on a glassy carbon electrode. The sensor responded to DA with a linear range from 5.0 × 10 −5 to 2.5 × 10 −4 mol/L and a detection limit of 2 × 10 −5 mol/L. Wang et al. 58 utilized poly(3-methylthiphene) modified glassy carbon electrode for highly selective and sensitive determination of DA. The detection limit of DA was estimated to be 5.0 × 10 −9 mol/L, and effectively diminished the interferences of ascorbic acid (AA) and uric acid (UC). Also, Jiao et al. 59 analysed concentration of DA using glassy carbon electrode modified by hybridization adducts of Fc-SWNTs, in which a detection limit of 5.0 × 10 −8 mol/L was observed, and successfully applied for the assay of DA in human blood serum. Someone used sulfonazo III film-modified 60 or single-walled carbon nanohorn modified 61 glassy carbon electrode with a high selectivities for the simultaneous determination of ascorbic acid (AA), DA, and uric acid (UA).
Also, many nano-materials applied to biogenic amine sensors, such as carbon nanofiber, 62 silver/polyaniline composite nanotubes, 63 gold nanoparticles, which gave the highest catalytic effect and are most favourable with respect to the detection of DA. 64 Guo et al. 65 used hexylmercaptan-ferrocene (HS(CH 2 6 Fc) self-assembled on the gold nanoparticle surface, obtained hexylmercaptanferrocene compound gold nanoparticles (Au@S(CH 2 6 Fc), and then the Au@S(CH 2 6 Fc was dropped to the glassy carbon electrode surface in order to prepare Au@S(CH 2 6 Fc modified electrode. The experimental results showed that the modified electrode to dopamine has obvious catalytic oxidation, with a linear range from 1.0 × 10 −6 to 2.6 × 10 −3 mol/L and with a detection limit of 3.0 × 10 −7 mol/L. Besides, after electrodes were modified with nanostructured films comprising a 3-n-propylpyridiniunn silsesquioxane polymer, 66 the concentration range of detection of DA was from 9.0 nM to 0.2 nM. Atta and El-Kady 67 fabricated a modified electrode by distributing Pt or Pd nanoparticles into the conductive polymer matrix of poly(3-methylthiophene) (PMT) to detect DA, the result demonstrated the electrode to exhibit excellent selectivity.
Many pursuers have also researched other biogenic amines neurotransmitter position such as histamine, 68 epinephrine, 69 70 Serotonin. 71 Nag et al. 72 chose iron oxide nanoparticles attached to serotonin to enhance the contrast in cells that express the receptor for serotonin specifically. Similarly, the glassy carbon electrode, 73 which was modified with gold nanoparticles to detect the neurotransmitter serotonin, was found to be unaffected by the presence of epinephrine, dopamine, ascorbic acid and folic acid with a detection limit of 2 × 10 −8 M. 
Other Neurotransmitter Sensors
Detection of nitric oxide concentration for neurophysiological research, disease diagnosis and quality control of the drugs has important significance. [74] [75] [76] [77] Wang et al. 78 successfully fabricated a novel nitric oxide biosensor for detecting NO concentration of sample using a polytoluidineblue and Nafion composite film-modified electrode instead of general electrodes. The sensor responded to NO with a linear range from 1.8 × 10 −7 to 8.6 × 10 −5 mol/L and a detection limit of 1.8 × 10 −8 mol/L (S/N = 3). The adenosine microbiosensor 79 possessing a good selectivity and a favourable response time was fabricated by means of zero length cross-linking reagents N-(3-dimethylaminopropyl)-N -ethylcarbodiimide hydrochloride (EDC) and N-hydroxysulfosuccinimide sodium salt (NHSS), poly-L-lysine was covalently immobilized onto Pt microelectrode surface. The methods were adaptable for fabrication of Glu biosensors, too.
Application Progress of Neurotransmitter Sensor
Neurotransmitter sensors have been widely applied to biological systems. Study 80 showed that when using enzymebased microelectrode the measured levels of Glu for 17 days remained steady without loss of sensitivity in awake rats. Mclamore et al. 81 measured real time neuronal Glu flux using enzymatic biosensors, concentration of basal Glu was similar to other in vivo and in vitro measurements. Quintero et al. 82 used enzyme-based microelectrode arrays to directly measure extracellular Glu release in rat neocortical slices and determine the modulation of this release by gabapentin and pregabalin. Some studies utilized rapid microelectrode 83 or rapid microelectrode combineing microdialysis 84 to measure extracellular Glu in rat prefrontal cortex, dentate gyrus, and striatum of traumatic brain injury. 85 
CONCLUSIONS
21st century is the bio-economy time and the biosensors as biological technology support and one of the key equipment will also get a great development in the emergence of new industry chain. Which involved in this paper about the neurotransmitter electrochemical biosensor as a kind of new sensor in disease detection and diagnosis plays an important role. However, in order to adapt to the requirements of large-scale social production, the preparation of neurotransmitter electrochemical biosensors still need to be further researched and improved. As various nanocomposite materials are finding more and more applications in biomedical and biosensing scopes, one can expect that more progresses in nanostructured neurotransmitters microsensors will be achieved in the near future. 
